We search for diffuse light in the galaxy group HCG 44 
in order to determine its luminosity and luminosity fraction. 
Combining with literature data, we aim to constrain the dy- 
namical status of Hickson compact groups. We use Intra Group 
planetary nebulae (IGPNe) as tracers of diffuse light. These 
are detected by the so-called on band-off band technique. We 
found 12 emission line objects in HCG 44, none of them as- 
sociated with the galaxies of the group. The absence of PNe 
in the elliptical galaxy, NGC 3193, implies that this galaxy 
is located behind the group, leaving only three spiral galaxy 
members in HCG 44. 6/12 emission line objects are consistent 
with being IGPNe in HCG 44, but are also consistent with be- 
ing Lya background galaxies. Thus we derive an upper limit to 
the diffuse light fraction in HCG 44 of 4.7%, corresponding to 
^? [ 1.O6x1O 9 L b and mean surface brightness of /j b — 30.04 mag 
f--*) arcsec~ 2 . We find a correlation between the fraction of ellipti- 
^v j cal galaxies and the amount of diffuse light in Hickson com- 
i pact groups. Those with large fraction of diffuse light are those 
^ with large fractions in number and luminosity of E/SO galaxies. 
This indicates that the diffuse light is mainly created in dynam- 
ical processes during the formation of bright elliptical galax- 
,— ' • ies in major mergers. We propose an evolutionary sequence for 
' Hickson compact groups in which the amount of diffuse light 
increases with the dynamical evolution of the group. 
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Abstract. Compact groups are associations of a few galaxies in which the environment plays an important role in galaxy 
evolution. The low group velocity dispersion favors tidal interactions and mergers, which may bring stars from galaxies to 
the diffuse intragroup light. Numerical simulations of galaxy clusters in hierarchical cosmologies show that the amount of the 
diffuse light increases with the dynamical evolution of the cluster. 



1. Introduction 

The Hickson Compact Groups (HCG; Hickson 1982) are char- 
acterized by a small number of galaxies (4 to 10) and low veloc- 
ity dispersion (cr ss 200 km s _1 ) in the group. They have high 
galaxy densities (comparable to the cores of galaxy clusters), 
and are located in low galaxy density environments. The com- 
bination of high galaxy density in low density environments 
makes them ideal laboratories to investigate the role of the en- 
vironment on galaxy evolution. The stability of galaxy groups 
have been probed by numerical simulations (Gomez-Flechoso 
& Dominguez-Tenreiro 2001). Nonetheless, the question is 
open regarding their dynamical state. The fact that we only 
measure projected properties of galaxy groups may imply that 
these groups are not physically bound systems. Several inter- 
pretations were proposed in the literature: transient dense con- 
figurations (Rose 1977; Sargent & Turner 1972); chance align- 
ments in loose groups (Mamon 1986, 1995; Walke & Mamon 
1989); filaments seen end-on (Hernquist et al. 1995). 

Galaxies in high density environments may evolve differ- 
ently than in the field due to several physical mechanisms af- 
fecting their gas and/or stellar content. Ram pressure stripping 
(e.g., Gunn & Gott 1972; Quilis et al. 2000) or starvation (e.g., 
Larson, Tinsley & Caldwell 1980; Bekki et al. 2002) are mech- 
anisms which can affect the gas content due to the interac- 
tion of the galaxies with a hot X-ray medium. On the other 
hand, galaxy-galaxy interactions modify the morphology of 
the galaxies by stripping galaxy material (gas and stars), being 
more efficient when galaxies have low relative velocities (e.g., 
Gerhard & Fall 1983; Mihos 2004). Therefore, it is likely that 
tidal interactions modify group galaxies, and may indicate the 
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evolutionary state of the system. More evolved groups are ex- 
pected to be those with galaxies whose morphologies are most 
disturbed. 

The search for signs of interactions in group galaxies was 
driven in the past by different tracers: tidal features, HI galaxy 
content, and X-ray emission. Galaxy-galaxy interactions and 
galaxy mergers produce long tidal tails, stripping stars from 
galaxies which are deposited in the intragroup region, building- 
up the intragroup or diffuse light. Thus, the amount of the dif- 
fuse light in groups would be larger in more evolved galaxy 
groups. But, tidal stripping can also decrease the HI content 
of the galaxies in the groups. In this way, Verdes-Montenegro 
et al. (2001) proposed and evolutionary scenario in which the 
amount of HI would decrease further with evolution. The X- 
ray emission in some Hickson groups has been detected by 
the ROSAT satellite (Ebeling et al. 1994; Pildis et al. 1995a), 
and demonstrates that the galaxies in X-ray emitting groups are 
bound and interacting with a hot intragroup gas. 

The presence of diffuse light in rich galaxy clusters was 
first suspected in Zwicky's (1951) work on the Coma cluster. 
It has now been reliably detected in nearby and rich galaxy 
clusters in several different ways: direct detection of intraclus- 
ter planetary nebulae (Theuns & Warren 1997; Arnaboldi et al. 
2002, 2003, 2004; Aguerri et al. 2005; Feldmeier et al. 1998, 
2003a, 2004a), detection of individual intracluster RGB stars 
(Ferguson et al. 1998; Durrell et al. 2002); surface brightness 
measurements after galaxy subtraction (Zibetti et al. 2005); de- 
tection of tidal tails around galaxies in clusters (Mihos et al. 
2005; Adami et al. 2005); deep surface photometry (Feldmeier 
et al. 2002, 2004b). These works provide a consistent estimate 
that 10-20% of the light in galaxy clusters is located in the in- 
tracluster region. 
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Numerical simulations of galaxy cluster formation in 
ACDM cosmology show that the origin of the diffuse light 
is related with the formation of bright elliptical galaxies by 
mergers (Murante et al., in preparation), and the fraction of 
ICL depends on the gravitational matter and the state of evo- 
lution of the cluster. Thus, the fraction of ICL was found to in- 
crease from 10-20% in clusters with 1O 14 M to up to 50% for 
very massive clusters with 10 15 M© (Murante et al. 2004). For a 
fixed mass (10 14 M Q ), Sommer-Larsen (2006) and Rudick et al. 
(2006) show that the fraction of ICL increases also with the de- 
gree of dynamical evolution of the clusters. Those clusters with 
large differences in the magnitudes of the two brightest galax- 
ies (Am > 2) are evolved clusters and show the largest frac- 
tion of the diffuse light. Some of these predictions have been 
confirmed in the Virgo cluster where an important amount of 
diffuse light have been observed in regions near to the brightest 
cluster galaxy M87 and the subgroup formed by M84 and M86 
(Aguerri et al. 2005; Mihos et al. 2005). 

Little is known about the diffuse light in groups of galax- 
ies. Pildis et al. (1995b) studied the diffuse light in 12 galaxy 
groups, finding that only one, HCG 94, has diffuse light in 
the group potential (with a luminosity of 1U). In contrast, the 
other groups do not contain more than 1/3L* in diffuse light. 
Feldmeier et al. (2003b) and Castro-Rodriguez et al. (2003) 
measured the intragroup light (IGL) by searching for intra- 
group planetary nebulae (IGPNe) in the M8 1 and Leo groups, 
respectively. They found that at most a few percent of the light 
of these groups is located in the intragroup region. In contrast, 
White et al. (2003) found that the fraction of diffuse light in 
HCG 90 was 38-48%. Da Rocha & de Oliveia (2005) also mea- 
sured the fraction of intragroup light in three Hickson groups. 
They found the the IGL contributes 0-45% to the total galaxy 
light. The broad range in the observed diffuse light fraction 
was interpreted in the sense that these groups being in different 
states of evolution. 

The aim of this paper is to study the amount of diffuse light 
in HCG 44 through the detection of IGPNe, to give a descrip- 
tion of the evolutionary state of the group, and to investigate the 
implications of the combined data for the groups analysed so 
far. The paper is organized as follows: in Section 2 we present 
a description of the group HCG 44. The observations and data 
reduction are described in Section 3. The detection of IGPNe 
in HCG 44 is described in Section 4, and the fraction of IGL is 
discussed in Section 5. In Section 6 we analyze the dependence 
of the diffuse light fraction on the galaxy content of compact 
groups, and the conclusions are given in Section 7. 

2. HCG 44 

HCG 44 is an association of four galaxies: NGC 3190, NGC 
3193, NGC 3185 and NGC 3187, located within a circle of 
16.4 arcmin diameter and centered at a( 72000) =10:18:05, 
5(72000) =+21:48:44'. The mean velocity of the galaxies in 
the group is 1379 km s _1 , and the galaxy velocity dispersion 
is 219 km s _1 (Hickson et al. 1992). This implies a group dis- 

1 The central coordinates and the angular diameter of HCG 44 were 
taken from Hickson (1982) 



tance of 18.4 Mpc, assuming Ho = 75 km s _1 Mpc -1 . The 
distance to the galaxies of this group was also obtained from 
the Tully-Fisher (TF) relation and the surface brightness fluc- 
tuations method (SBF). Williams et al. (1991) measure the TF 
distances of the three spiral galaxies in the group (NGC 3190, 
NGC 3185 and NGC 3187). They conclude that these three 
galaxies are at a common distance of 19 Mpc,corresponding to 
a distance modulus of 3 1 .4. This distance is in good agreement 
with that obtained from their recessional velocities, and will be 
the adopted distance to the group in the present paper. Tonry 
et al. (2001) computed the distance modulus of the elliptical 
galaxy in the association, NGC 3193, using surface brightness 
fluctuations. They obtained a distance modulus of 32.71, cor- 
responding a distance of 35 Mpc. Thus, this galaxy is located 
at a much larger distance than the three spirals and has a large 
peculiar velocity with respect to the Hubble flow. 

These results show that HCG 44 consists of three spiral 
galaxies. The brightest galaxy, NGC 3190, is an almost edge 
on early-type spiral, showing a strong dust lane and disturbed 
outer isophotes. Close to NGC 3190 is located the faintest 
galaxy of the group, NGC 3187. This is a peculiar barred 
galaxy with two open arms. However, Rubin et al. (1991) pro- 
posed that NGC 3187 is not really a barred galaxy, and what 
we are observing are two tidal tails coming out of the plane of a 
spiral galaxy. They also found strange velocity patterns in these 
two galaxies, concluding that this is a consequence of a recent 
tidal interaction. This interaction is also visible in HI: Williams 
etal. (1991) found a faint HI bridge, connecting NGC 3190 and 
NGC 3187. This was the only gas detected outwards the galax- 
ies. They conclude that HCG 44 is a dynamically young group 
of galaxies. The third spiral galaxy of the group, NGC 3185, 
does not show signs of interactions. It has a nuclear emission 
knot surrounded by a ring of HII regions with no Ha emission 
within. This galaxy has been reported to be a Seyfert 2 (Huchra 
& Burg 1992). Table 1 shows the main characteristics of the 
galaxies in HCG 44. 

In the present study we will try to give a constraint to the 
evolutionary state of the group by measuring the amount of IGL 
in HCG 44. 



3. Observations and Data Reduction 

We have observed one field centered on HCG 44 at a 
(J2000)=10:17:58, S (J2000)=+21:48:44 in December 2003, 
using the Wide Field Camera (WFC) at the 2.5m Isaac Newton 
Telescope (INT) located in La Palma insland. 

The WFC is an optical mosaic camera mounted at the prime 
focus of the telescope. It consists of 4 thinned EEV 2kx4k 
CCDs with a pixel size of 0.33"/pixel. This gives a total field 
of view of 34'x34'. The galaxy group was imaged through a B 
band broad filter and an [OIII] narrow band filter. The broad- 
band filter was centered at 4407 A and had a width of 1022 A, 
and the narrow-band filter was centered at 5027 A and had a 
width of 60 A. The exposure times were 8x3000 s and 24x600 
s for the [OIII] and B band images, respectively. The images 
were obtained under photometric conditions and the final see- 
ing was 1 .5 arcsec in both filter. After stacking all the images 
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Table 1. Properties of the galaxies in HCG 44. The only ellipti- 
cal galaxy in the original HCG 44, NGC 3193, is located * 16 
Mpc behind the group of the spiral galaxies (see text). 



Name 


a(1950) 


6 (1950) 


Vfkms" 1 ) 


B mag. 


NGC3190 


10:15:20.6 


+22:04:54.9 


1293 


11.5 


NGC3193 


10:15:39.6 


+22:08:36.8 


1378 


11.6 


NGC3185 


10:14:53.3 


+22:56:18.8 


1218 


12.5 


NGC3187 


10:15:02.5 


+22:07:25.4 


1579 


13.1 



the total effective area was 874.13 arcmin 2 . Figure 1 shows the 
B band image of the group. 

3.1. Data reduction 

The data were reduced using the mosaic IRAF tasks package 
MSCRED. The images were corrected by dark, bias and flat- 
field. In addition to the standard flat-fields, we created a super- 
flat image combining the scientific images. Then, the images 
were corrected by superflat in order to correct for second order 
sky structures not removed by twilight flats, which are usually 
present in wide field images. 

The calibration of the broad-band image was obtained us- 
ing several Landolt fields. For the narrow-band filter spec- 
trophotometric stars were observed. Fluxes were then normal- 
ized to the AB magnitude system, following Theuns & Warren 
(1997). A detailed description of the calibration steps and the 
relation between AB magnitudes and the "m(5007)" [OIII] 
magnitude introduced by Jacoby (1989) are given in Arnaboldi 
et al. (2002). For the filters used in the present observations, the 
relation between the AB magnitudes and m(5007) is given by: 
m(5007)=m(AB)+3.02. 

3.2. PNe as traces of diffuse light in groups and 
clusters of galaxies 

Arnaboldi et al. (1996) detected for the first time 3 PNe in 
the Virgo cluster with different radial velocity from that of 
the nearby M86 galaxy. This difference in the radial veloc- 
ity pointed to the fact that these PNe were not bound to any 
galaxy and they were free flying in the Virgo cluster poten- 
tial. This demonstrates that the diffuse light in clusters can be 
traced by the detection of ICPNe. This method has been used 
for the Fornax (Theuns & Warren 1997), several fields in the 
Virgo cluster (Arnaboldi et al. 2002, 2003; Aguerri et al. 2005; 
Feldmeier et al. 1998, 2003a, 2004a), and for several nearby 
galaxy groups (M81, Feldmeier et al. 2003b, and Leo, Casto- 
Rodrfguez et al. 2003). 

The detection of the ICPNe is based on the strong emission 
of these objects in the 5007 A [OIII] line. PNe are detected us- 
ing the so-called ON-OFF band technique (Jacoby et al. 1990). 
This observational technique requires two images of the field. 
One image is taken through a narrow-band filter (on-band filter) 
centered at the wavelength of the [OIII]/15007A emission at the 
redshift of galaxy group or cluster under study, and the other 
image is taken through a broad-band filter (off-band filter) not 
containing the [OIII]/15007A emission. Then, the photometric 



IGPN candidates are those objects detected in the on-band filter 
and not detected in off-band filter. They should also be point- 
like objects, because PNe at the distance of galaxy clusters or 
groups can not be resolved. 

4. Selection of IGPNe candidates 

Our group has developed an automatic procedure for the detec- 
tion of ICPNe candidates in the Virgo cluster (see Arnaboldi 
et al. 2002 and Aguerri et al. 2005 for a full description of the 
method), which can be applied to HCG 44. This technique is 
based on the classification of the detected objects in the on- 
and off-band images according to their positions in a color- 
magnitude diagram (CMD). We measure the on- and off-band 
photometry of all objects located in the images. This was done 
using SExtractor (Bertin & Arnouts 1996). All objects were 
plotted in the CMD m n - nib vs m„, being m n and mt the nar- 
row and broad band magnitudes of each object, respectively. 
The most reliable IGPNe photometric candidates are point-like 
sources with no detected continuum emission and observed 
EW greater than 100 A after convolution with the photomet- 
ric errors as a function of magnitude (see Arnaboldi et al. 
2002; Aguerri et al. 2005). We selected only objects with EW 
greater than 100 A to avoid contamination from [Oil] emitters 
at z ~ 0.35 whose emission falls into the [OIII] filter for HCG 
44, and we must properly take into account the photometric er- 
rors in order to avoid contamination by continuum objects (see 
the discussion in Arnaboldi et al. 2002 and Aguerri et al. 2005). 

4.1. Simulations and limiting magnitude of the images 

We run Monte Carlo simulations to optimize source detec- 
tion and determine the [OIII] limiting magnitude of the im- 
age of HCG 44. We distributed several thousands point-like 
objects on the scientific images far away from stars or ex- 
tended objects. The magnitudes of the simulated objects were 
randomly distributed in the range m n = [14,26], following an 
exponentially increasing luminosity function (LF). We mea- 
sured, for a given detection threshold, how many simulated 
objects were recovered in the photometry, the number of spu- 
rious objects due to noise, and the limiting [OIII] magnitude 
defined as the magnitude at which 50% of the simulated ob- 
jects were not recovered. This process was repeated with dif- 
ferent SExtractor detection thresholds from 0.7<x to 1 .3<x, being 
cr the RMS sky background of the image. The maximum num- 
ber of simulated objects and the minimum fraction of spurious 
ones were detected with the lcr SExtractor detection threshold 
(see Arnaboldi et al. 2002 for more details about this simu- 
lations). Figure 2 shows the CMD for the objects detected in 
HCG 44 with lcr SExtractor detection threshold. The corre- 
sponding value of the [OIII] limiting magnitude for this detec- 
tion threshold is otab(OIII) = 24.48. 

The B band limiting magnitude was determined by the ex- 
pression m B = -2.5 log(47rcr 2 eeing cr sky ) + Z B , where <x seeing is 
the radius of the seeing disc, <x sky the rms background of the B 
band image, and Z B the zero point of the image. We obtained 
m B = 26.04 for our broad band image. Thus, the broad band 
image is « 1.5 magnitudes deeper than the [OIII] one. 
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Fig. 1. B band image of HCG 44. North is up and East is left. The cross represent the center of the group (Hickson 1982). The 
darker circle contains the galaxies of the group (see Hickson 1982). The squares show the locations of the [OIII] emission line 
objects detected in the image. The full squares represent those emission line objects with m(5007)< 26.88, and open ones are 
those with m(5007) > 26.88. The numbers label the CCDs of the WFC (see text for more details). 



The distance to HCG 44 is 19 Mpc from TF measure- 
ments (Williams et al. 1991), therefore the distance modu- 
lus is 31.4 + 0.2. The brightest PNe at a distance of 19 Mpc 
have fluxes of 5.65xl0~ 17 ergs s _1 cirT 2 (Ciardullo et al. 
2002a) or m(5007)=26.88[>;^. When expresed in AB magni- 
tudes, given the characteristics of our filters, this is equivalent 
to m(AB)=23.86j}^, which is 0.62° ^ brighter than our limit- 
ing magnitude. So the brightest » 0.5 magnitude of the PNLF 
is accessible to our photometry. 

We found that the total number of emission line objects 
which fulfil or the conditions for being IGPNe in HCG 44 were 
12. Table 2 gives the coordinates and magnitudes of these ob- 
jects. 

4.2. Background object contamination 

In Aguerri et al. (2005) we carried out a detailed study of 
the possible background contaminants in such surveys, mainly: 
continuum objects and Lya background galaxies. 

The selection of the candidates was based on a threshold 
in their [OIII] fluxes. This can produce a contamination of the 
sample by mis-classified faint continuum objects. In Aguerri et 
al. (2005) this contamination was analyzed, and it was pointed 
out that this contamination is negligible if the off-band image 
is deep enough. The difference in the limiting magnitudes be- 
tween the off- and on- band images for HCG 44 is 1.5, which 
ensures us to be free of these contaminants. This was con- 
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Fig. 2. Color magnitude plot of the objects detected by 
SExtractor (small points) in HCG 44. The horizontal line in- 
dicates objects with an observed EW=100 Athe diagonal full 
line shows the magnitude corresponding to the B band limiting 
magnitude. The full curved lines represent the 99% and 99.9% 
lines for the distribution of modeloed continuum objects. The 
dashed lines represent 84% and 97.5% lines for the distribution 
of modeled objects with m n - nib = -1- The asterisks represent 
the emission line candidates with EW> 100 A and no detected 
continuum. 
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Table 2. Emission line objects detected in HCG 44. 
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Fig. 3. LF of the IGPNe photometrical candidates in HCG 44 
(full squares). Is is also overplotted the LF of Lya objects from 
different surveys: (diamonds) Castro-Rodriguez et al. (2003), 
(open circles) LPC field fron Aguerri et al. (2005), (asterisks) 
Kudritzki et al. (2000), and (triangles) Ciardullo et al. (2002a) 

firmed by simulations of point-like continuum objects, similar 
to Aguerri et al. (2005), which shows that we do not have faint 
continuum objects in our sample. 

The other main contamination comes from Lya background 
galaxies. The Lya emission of these objects at z ~ 3 falls near 
the [OIII] line at the redshift of HCG 44. We can take into 
account this contamination by computing the number of ex- 
pected Lya objects from blank fields in which the emission 
line objects were detected using the same technique (Castro- 
Rodriguez et al. 2003; Ciardullo et al. 2002a) . Taking into ac- 
count the differences in area, filters width and limiting magni- 
tude we expect that the number of Lya in HCG 44 should be 
25 and 11, respectively. This suggests that all the emission line 
objects detected in HCG 44 could be Lya background galaxies. 

We have also compared the LF of the emission line objects 
detected in HCG 44, those from Lya surveys (Kudritzki et al. 
2000, Ciardullo et al. 2002a; Castro-Rodriguez et al. 2003), and 
in one field in the Virgo cluster (LPC field) which turns out to 
be compatible with Lya objects only (see Aguerri et al. 2005). 
The result is shown in Fig. 3. It can be seen that the LF of the 
emission line objects detected in HCG 44 is compatible with 
the LF of Lya galaxies. 

4.3. Are there PNe candidates in individual HCG44 
galaxies? 

The detected emission line objects are located in the intragroup 
region, away from the galaxies of the group, see Fig. 1. No 
emission line objects were detected in those regions where the 
stellar contiuum from the group galaxies were also visible. 

How many PNe do we expect to be associated with 
the HCG44 spiral galaxies? The brightest spiral galaxy, 
NGC 3190, in HCG44 has an absolute B magnitude M B = 
-19.9, which is similar to the absolute magnitude of NGC 5886 



and NGC 3351. Ciardullo et al. (2002b) carried out PNe sur- 
veys in these two spirals and the number of PNe detected in the 
first 0.5 mag of the PNLF is of order 10; therefore we would 
expect similar numbers for NGC 3190. No detection of PNe 
in NGC 3190 may imply that this galaxy is at a somewhat 
larger distance than the 19 Mpc derived from the TF relation 
(Williams et al. 1991). If one applied the Virgo infall model 
to the observed redshifts, the mean distance to NGC 3185 and 
NGC 3190 would then be 21.7 Mpc (Kraan-Korteweg 1986), 
which is slightly larger than the one inferred from the TF rela- 
tion. 

At the distance of 21 .7 Mpc, the bright cut off of the PNe lu- 
minosity function would be at m(5007) = 27.18, which is 0.32 
mag brighter than our limiting magnitude, and the expected 
number of PNe would fall by a factor > 2.0. A slightly larger 
distance and the intrinsic dust absorption in disk galaxies, may 
be a likely explanation for no-PNe detected in the spiral galax- 
ies of the HCG44 group. 

One of the galaxies of the group (NGC 3193) is an ellipti- 
cal. At the distance of HCG 44 the bright cut off of the PNe lu- 
minosity function (PNLF) would be at m(5007) = 26.88, which 
is 0.6 magnitudes brighter than the limiting magnitude of our 
images. The absolute magnitude of NGC 3193 is M B = -19.49 
which corresponds to a luminosity of L B = 9.55 x 10 9 L©. This 
means that according to the luminosity specific PNe density 
(Ciardullo et al. 1989) for the M31 bulge for the first 0.5 mag 
of the PNLF we expect that « 50 PNe would be detectable in 
this elliptical galaxy given our limiting magnitude. The fact that 
we have not seen PNe in NGC3193 confirms that this galaxy 
is not at the same distance of the group, and sets a lower limit 
of 31.9 to its distance modulus, consistent with the Tonry et 
al. (2001) measurement from surface brightness fluctuations of 
32.71. This implies that the bright cut-off of the PNLF of this 
galaxy is at ra(5007) = 28.21 which is 0.7 magnitudes fainter 
than our limiting magnitude. This makes impossible the detec- 
tion of PNe associated with this galaxy. 

5. Estimate of fraction of IGL 

We have seen that the emission line objects detected in HCG 
44 may be compatible with Lya background galaxies, because 
their luminosity function is similar to the luminosity function 
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of Lya galaxies detected in other surveys. In the Leo group 
Castro-Rodriguez et al. (2003) found that the bright cut-off of 
the LF of the detected emission line objects was about 1 .2 mag- 
nitudes fainter than the bright cut-off of the LFs from PNe as- 
sociated with the galaxies of the group. They concluded there- 
fore that the emission line objects detected in this group were 
all Lya background galaxies. In HCG 44 the PNLF bright cut- 
off at the group distance is m(5007)=26.88. Our sample have 
5/12 emission line objects brighter than the PNLF bright cut- 
off, and 7/12 fainter. Those objects brighter than the bright cut- 
off of the PNLF at the group TF distance can not be PNe. The 
most probable explanation for them is that they are Lya back- 
ground galaxies or possibly intragroup HII regions (Gerhard et 
al. 2002). Nonetheless, the 7 objects fainter than the bright cut- 
off may them be IGPNe in HCG 44. We have analyzed the po- 
sition of these objects, relative to the group galaxies, and found 
that 5 of them were located in CCDs number 1 and 4, among 
the galaxies of the group, and 2 were located in CCD number 2 
(see Fig. 1). One of the objects in CCD number 2 is located at 
a distance of 19.6 arcmin from the cluster center, more than 2 
times the radius which encircle the group galaxies (see Fig 1). 
The other 6 objects are within 13.6 arcmin of the group center. 
Thus, we considered those 6 objects as possible IGPNe, and 
the most distant object as a Lya background object. Then, we 
can put an upper limit to the amount of diffuse light in HCG 44 
assuming that the number of IGPNe is 6. 

The amount of IGL can be inferred from the stellar light 
associated with the IGPNe. This can be computed consider- 
ing the luminosity specific planetary nebulae density (a). In 
Aguerri et al. (2005) we discussed the different possible values 
of a, and used three representative values, which will be the 
same adopted in the present work. For HCG44 the [OIII] limit- 
ing magnitude is 0.62 magnitudes fainter than the PNLF bright 
cut-off at the distance of the group. This means that the bright- 
est 0.5 magnitude of the PNLF is accessible to our photometry. 
Then, we will use the value of ao.5,B for computing the stellar 
light associated with the IGPNe. But, only 4/6 of the selected 
emission line objects as IGPNe are brighter then M* + 0.5, 
being M* the PNLF bright cut-off. We will consider this 4 + _} Q 
IGPNe to compute the stellar light associated with them. One 
value of a corresponds to that obtained for the bulge of M3 1 
(Ciardullo et al. 1989), which is a . 5 ,B = 2.9 x 10~ 9 . Then, 
the luminosity of the IGL associated to this value in HCG44 is 
1.37xlO 9 L 0jB . The second value of a .5,B = 4.12 X 10~ 9 results 
from the RGB intracluster stellar population observed in Virgo 
cluster by Durrell et al. (2002). For that value, the luminosity of 
the IGL in HCG 44 is O.97xlO 9 L 0>B . The third value of a was 
taken from the a-color relation discovered by Hui et al. (1993). 
The mean B-V of the galaxies of HCG 44 is 0.75 2 . Then, ac- 
cording to the a-color relation of Hui et al. (1993) we have 
ao.5,B = 4.67x 10~ 9 , the luminosity of the IGL is 0.85xl0 9 L o , B . 
Taking the mean of these numbers we give an upper limit of the 
luminosity of the IGL in HCG 44 of l.O6xlO 9 L , B . 

We can compare the luminosity of the IGL with the lumi- 
nosity of the galaxies of HCG 44. According to their apparent B 
magnitudes (see Table 1) the total light from the HCG44 galax- 

2 The V magnitudes were taken from de Vaucouleurs et al. (1991) 



ies is 2. 15x1O'°L 0j b 3 ; then the upper limit of the IGL contribu- 
tion is 4.7%. 

We have also computed the surface brightness of the dif- 
fuse light in HCG44. The adopted area is given by the circle 
centered on the group center, and with a radius equal to the 
distance to the center of the most distant IGPNe in our sam- 
ple. This corresponds to an area of 581.06 arcmin 2 . Thus, the 
resulting surface brightness of the diffuse light in HCG44 is 
Hb = 30.04 mag arcsec~ 2 . 

The amount of intragroup light depends on the adopted dis- 
tance modulus of HCG44. Williams et al. (1991) reported an 
error of 0.2 to the measured distance modulus of this group. 
When this error in the distance is taken into account, the num- 
ber of possible IGPNe would be 4+g. Similar numbers are found 
when we considered the distance to the group to be 21.7 Mpc 
as inferred from the Virgo infall model to NGC 3 1 85 and NGC 
3190. The fraction of diffuse light in the group is 4.7+^% in 
both cases. 



6. Implications for diffuse light and dynamical 
evolution in Hickson Compact Groups. 

Diffuse light has so far always been observed in gravitationally 
bound systems such as galaxy groups or clusters. Numerical 
simulations of galaxy clusters in hierarchical cosmologies pre- 
dict that the amount of diffuse light depends directly on the 
cluster mass (Murante et al. 2004), and the dynamical status 
(Sommer-Larsen 2006; Rudick et al. 2006). Simulations also 
indicate that most of the diffuse light is created during interac- 
tions and major mergers resulting in the largest cluster domi- 
nant elliptical galaxies (Murante et al., in preparation). These 
predictions are consistent with the observations in the Virgo 
cluster where important amounts of diffuse light have been ob- 
served in regions near the dominant galaxy M87 and the sub- 
group formed by M84 and M86 (Aguerri et al. 2005; Mihos et 
al. 2005). 

HCG 44 was catalogued by Hickson (1982) as a galaxy 
group formed by four members. However, SBF measurements 
of the elliptical galaxy, NGC 3193, showed that this galaxy 
is at a larger distance than the rest of the group (Tonry et al. 
2001). Two of the spiral galaxies, NGC 3190 and NGC3187, 
show morphological distortions which indicate the interaction 
between them. This interaction is also visible through the faint 
HI bridge between the two galaxies (Williams et al. 1991). 
Pildis et al. (1995a) did not find an extended X-ray emission 
in HCG 44, Ponman et al. (1996) gave an upper limit of the 
X-ray emission of this group, being Lx < 7 x 10 40 erg s -1 . This 
probably means that this group does not have a deep potential 
well. Those results together with the low upper limit of diffuse 
light in HCG 44 indicate that HCG 44 is not a dynamically 
evolved system, or only the two spiral galaxies are group mem- 
bers. This would fit well in the framework of Diaferio et al. 
(1994) which suggests that compact groups with low or no X- 

3 The total luminosity of the galaxies in the group was computed 
with NGC 3190, NGC 3185 and NGC 3187. We have assumed a dis- 
tance of 19 Mpc for the three galaxies. 
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ray emission and containing galaxies with signs of interactions 
would have formed only recently. 

The fact that HCG 44 is not a dynamically evolved system 
opens a long posed question about the dynamical state of these 
galaxy associations. The Hickson (1982) catalog is based on 
projected galaxy properties, and a large fraction of those cata- 
loged as compact groups may not be physically related galaxy 
systems or dynamically evolved systems. As mentioned before 
the detection of diffuse light in clusters is always associated 
with gravitationally bound galaxy associations, and its amount 
depends on the dynamical evolution of the system (Sommer- 
Larsen 2006; Rudick et al. 2006). Thus, the detection of diffuse 
light in galaxy groups can tell us about the dynamical state of 
the system. 

Several studies of diffuse light in groups have been carried 
out in the past. Pilis et al. (1995b) studied the diffuse compo- 
nent in 12 Hickson Compact Groups. They found that only one 
of the groups contained a significant amount of diffuse light. 
Feldmeier et al. (2003b) and Castro-Rodriguez et al. (2003) 
searched for IGPNe in the M8 1 and the Leo groups, respec- 
tively. They found that a few percent of the light in these groups 
is located in the intragroup regions. In contrast, White et al. 
(2003) found that the fraction of diffuse light in HCG 90 was 
38-48%. Da Rocha & de Oliveira (2005) found a broad range 
(0-46 %) of diffuse light for three compact groups. These re- 
sults indicate that only a 25% of the so far studied groups 
show considerable amount of diffuse light. Those that they are 
dynamically bound and evolved systems. 

We have studied the Hickson compact groups with mea- 
surements of diffuse light in the literature (HCG 44, HCG 79, 
HCG 88, HCG 90, HCG 94 and HCG 95). Their diffuse light 
components were observed using different methods, and we 
briefly summarise the strategies and the results. 

HGC 44- The search for diffuse light in HCG44 was car- 
ried out by the detecting IGPNe associated with the stellar light 
bound to the gravitational potential of the group but not to in- 
dividual galaxies. The result from the current analysis is 4.7% 

HCG 94 - this was the only group studied by Pildis et al. 
(1995b) with diffuse light. They measured the diffuse light by 
analysing the residuals after galaxy subtraction on the images, 
obtaining My = -23.7 and B — V ~ 1.05 (see Pildis et al. 
1995b). Then, the luminosity of diffuse light in this group is 
L B = 1.67 x 1O u Lb j0 , representing 42% of the light in the 
group. 

HCG 79, HCG 88 and HCG 95 - These groups were stud- 
ied by Da Rocha & de Oliveira (2005) using wavelet technique. 
After assuming a scale for the physical extentions of group 
galaxies, the diffuse light is defined as any additional light 
which is asymmetric and/or outside galaxies. One of the groups 
(HCG 88) contains no diffuse light. However, the diffuse light 
component in HCG 79 and HCG 95 represents 46% and 11% 
of the total light, respectively. The mean surface brightness of 
the diffuse component is fig = 27.3 and 24.8 mag arcsec~ 2 for 
HCG 95 and HCG 79, respectively. 

HCG 90 - This last group was studied by White et al. 
(2003), who considered as diffuse component all the light in 
structures whose surface brightness is fainter than ji v = 22.5 
mag arcsec~ 2 . The light in these structures amounts to 38% of 
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Fig. 4. Relation between the amount of diffuse light and frac- 
tion of E/S0 galaxies (top panel), fraction of light from E/S0 
galaxies (middle panel) and magnitude difference between the 
two brightest galaxies of the group (bottom panel). The points 
represent the Hickson groups: HCG 44, HCG 79, HCG 88, 
HCG 90, HCG 94 and HCG 95. 

the total light in the group. Given the bright surface brightness 
cut-off, some of the luminous structures may indeed be associ- 
ated with tidal tails or plumes still bound to group galaxies. A 
cautionary approach may consider the amount of diffuse light 
reported for this group only as upper limit. 

We have investigated the relation between the amount of 
diffuse light and their X-ray luminosity and galaxy types. No 
correlation was found between X-ray luminosity and amount of 
diffuse light, most X-ray measurements are only upper limits. 
However, we found a relation between the amount of diffuse 
light and the fraction of E/S0 galaxies (Hickson 1982; Hickson 
et al. 1989). Figure 4 shows this relation: the groups with the 
lowest fraction of diffuse light are HCG 88 and HCG 44, both 
of them contain no E/S0 (see Hickson 1982). HCG 95 has 11% 
of light as diffuse light (Da Rocha & de Oliveira 2005) and 
the fraction of E/S0 galaxies for this group is 0.25 (Hickson 
1982). The largest amount of diffuse light were measured for 
HCG 79, HCG 90 and HCG 94, being: 46% (Da Rocha & de 
Oliveira 2005), 38-40% (White et al. 2003) and 42% (Pildis et 
al. 1995b), respectively. These are the groups with the largest 
fraction of ellipticals: 0.75, 0.75 and 0.85 for HCG 79, HCG 
90 and HCG 94, respectively. There is also a relation between 
the fraction of light from E/S0 galaxies in the group (see Fig. 
4). Groups for which the galaxy light is dominated by E/S0 
galaxies (HCG 79, HCG 90 and H94) show the largest fraction 
of diffuse light. We found no correlation between the amount 
of diffuse light and the magnitude difference between the two 
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brightest galaxies of the group (see Fig 4), in contrast to what is 
claimed in the numerical simulations of diffuse light in 10 14 M G 
galaxy structures (see Sommer-Larsen 2006). The results in 
Fig. 4 indicate that the diffuse light is created during the for- 
mation process of elliptical galaxies. 

We can define an evolutionary sequence for galaxy groups 
according to the fraction of elliptical galaxies and the amount 
of diffuse light. At the beginning of this evolutionary process 
would be those groups with small amount of diffuse light and 
large fraction of spiral galaxies. The evolution of the groups 
would continue through interaction between the galaxies, some 
of which may lead to a major merger and, as a final result, an 
elliptical galaxy. This evolution is favored by the small velocity 
dispersion in galaxy groups. The evolution ending with a major 
merger, in the group environment, would also cause mass to 
be lost from galaxies by tidal processes, which is deposited in 
the intragroup region and forms the diffuse light. Subsequent 
major mergers will produce more ellipticals and more diffuse 
light. At the end of this evolutionary process the group would 
be dominated by a single large elliptical galaxy and also will 
contain the largest amount of diffuse light, as in the so-called 
fossil groups (D'Onghia et al. 2005). 

7. Conclusions 

We have studied the presence of IGL in the Hickson compact 
group HCG 44 through the detection of IGPNe, using the on- 
off band technique similarly as in the detection of ICPNe in 
the Virgo cluster. We have detected 12 emission line objects. 
No point-like emission line objects have been detected that are 
associated with the galaxies. 

While the lack of detected emission line objects in the spi- 
ral galaxies of the group could be related to extinction in these 
objects, this is not the case for the elliptical galaxy of the group, 
NGC 3193. The non-detection of PNe in NGC 3193 sets a 
lower limit on its distance modulus, m-M=31.9. This is con- 
sistent with the SBF measurement of (Tonry et al. 2001) which 
places the galaxy at D = 35 Mpc, far behind HCG 44. Thus 
HCG 44 has effectively only three galaxy members. 

Of the 12 emission objects, 6 are fainter than the bright cut- 
off of the PNLF and are within the 13.6 arcmin radius from the 
center of the group. These objects are compatible with being 
IGPNe in HCG 44, but they are also compatible with being 
Lya background galaxies, based on the number density and lu- 
minosity function of these objects. Thus we determine an upper 
limit to the diffuse light in HCG 44 of 1.06 x 10 9 L G , B , cor- 
responding to a mean surface brightness of /x B = 30.04 mag 
arcsec~ 2 , or 4.7% of the total light of the group. 

The low upper limit of IGL in HCG44 together with the 
non-detection of extended X-ray emission in this group, and 
the fact that the group contains only three spiral galaxies, all 
point towards the interpretation that this group is a dynami- 
cally young system. The Hickson catalogue of compact groups 
includes systems at different stages of their dynamical evolu- 
tion. X-ray limits and diffuse light fractions from the literature 
indicate than only « 25% of the Hickson compact groups are 
likely to be dynamically evolved systems. 



We have found a correlation between the fraction of ellip- 
tical galaxies and the amount of diffuse light in Hickson com- 
pact groups. Those with large fraction of diffuse light are those 
with large fractions in number and luminosity of E/S0 galax- 
ies. No correlation was found between the amount of diffuse 
light and the difference in magnitude between the two bright- 
est galaxies in the group. We suggest an evolutionary sequence 
for galaxy groups such that groups with large fraction of spi- 
rals and small amount of diffuse light are dynamically young 
systems, and those with large fraction of ellipticals and large 
amount of diffuse light are the most evolved. The correlation 
we found indicates that the diffuse light is mainly created in 
dynamical processes during the formation of bright elliptical 
galaxies in major mergers. 
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